A lthough rates of child malnutrition in many poor regions of the world have declined in recent years, 1 it remains one of the most significant child health problems with an estimated 53% of child deaths per year attributable to being underweight. 2 Childcare practices are recognised as a key underlying cause. 3 The demands of adequate child care are such that it has been suggested that poor mental health of caregivers might adversely affect their child's health and development and recent evidence from South Asia has shown an association between postnatal depression and impaired child growth. 4 In Goa, malnourished children had a risk 2.3 (95% CI 1.1 to 4.7) times higher than non-malnourished children of having a depressed mother, 5 in Tamil Nadu the odds were 7.4 (1.6 to 38.5) times higher, 6 and in Pakistan odds were 3.9 (1.9 to 7.8) times greater. 7 With reported prevalence rates of maternal depression of 20% or more in these study areas, [5] [6] [7] [8] [9] [10] the potential public health importance of these findings is great. Rahman et al estimate that reductions in the prevalence of maternal depression could lead to a reduction in child growth retardation of up to 30%. 11 It might be, therefore, that intervention programmes to improve maternal mental health should be considered as a strategy to combat child malnutrition. 4 Yet maternal mental health is largely neglected in child health programmes in developing countries. Even the World Health Organisation's high profile Integrated Management of Childhood Illness strategy does not tackle maternal mental health.
To inform this debate, evidence on whether the association described above is consistent in the Indian sub-continent and whether a similar pattern exists elsewhere in the developing world would be valuable. The objective of this paper is to examine the association between maternal mental health and child nutrition in four developing country populations: Ethiopia, India (Andhra Pradesh state), Peru, and Vietnam. All four countries are part of the Young Lives Project, a longitudinal study of childhood poverty (http:// www.younglives.org.uk).
METHODS
In each of the four countries 20 sites were purposefully selected by a team of local experts to represent a range of regions and living conditions. In each of the 20 sites, mapping and listing of households that contained a child aged 6-18 months was undertaken. As no official up to date lists or electoral rolls were available this mapping was done by observation by fieldworkers and the identification of eligible children was done by door knocking. Altogether 100 households containing mothers with children aged 6-18 months were randomly selected from the sample list. 12 There were no exclusion criteria. Data were collected in 2002. A pilot study was done in each country to adapt the common questionnaire to local idioms and expressions. Standard training was given to all interviewers in all countries. This training used the interviewer training manual available under the ''Practical Guidelines'' part of the Young Lives web site at http://www.younglives.org.uk and aimed at measuring items in the same way across the four countries. Mothers were interviewed in their local language and anthropometric measurements (weight, height) of the children were taken using the WHO guidelines as presented in the Young Lives interviewer training manual. Data on potential confounding factors (see the conceptual framework in figure 1) were also collected. The response rate was above 90% in all four countries.
Maternal common mental disorders were considered as the exposure variable, measured by the WHO recommended screening tool the self reporting questionnaire 20 items (SRQ20) that consists of 20 yes/no questions with a reference period of the previous 30 days. It has acceptable levels of reliability and validity in developing countries. 13 The SRQ20 is not diagnostic and cannot separate out anxiety from depression. Cut off scores to determine how many yesanswers constitute a case have been validated against clinical assessments in each of the study countries. [13] [14] [15] As the validation usually suggested a cut off of 7/8 to separate probable non-cases/cases of CMD that cut off was used in this study.
The anthropometric outcomes were stunting (height for age Z score ,22) and underweight (weight for age Z score ,22). Z scores were calculated using EpiInfo EPINUT, and based on the 1977 NCHS reference growth charts 16 that were adopted for use by the WHO for international comparisons between populations. 17 Wasting (low weight for height) was not used as an outcome measure because it reflects more acute (short term) conditions and changes such as recent physical morbidity.
A range of potential confounders in the relation between maternal CMD and child malnutrition were considered. Information was collected through a household questionnaire that was administered to the caregiver/mother of the child. Data on child characteristics and health were crosschecked against documentation where possible.
Household factors included various variables relating to household composition, a measure of wealth, and urban/ rural location.
Maternal characteristics comprised maternal age (in five-year bands) and education. The latter was classified as whether or not the mother had completed primary education.
Child characteristics considered were sex, age (under or over 12 months), and birth weight (under or over 2500 g).
Factors that we hypothesised may mediate the effect of CMD on child malnutrition were also considered. These were child vaccination status (depressed mothers may not get their children vaccinated), child physical health (depressed mothers may not seek care for sick children), and breast feeding status (depressed mothers may stop breast feeding). With respect to the latter, the mother was asked if she ever breast fed and if so the duration of breast feeding. Responses to these two questions were then combined to create a variable with three categories: still breast feeding; stopped breast feeding; and never breast fed. Reported duration for those who had stopped was considered to be of limited use in this analysis as (in addition to the possibility of recall bias) the vast majority of children were still breast feeding.
Separate logistic regression models (using generalised estimating equations to take into account the clustered nature of the sample) were fitted to estimate the effects of CMD on odds of having a child who was stunted or underweight. Each block of variables from the conceptual framework was added to the models in consecutive stages. We used the same set of variables (decided upon a priori) in each country model to provide some point of comparison between the results. The aim was not to fit the most parsimonious model, but to explore how the addition of other variables affected the relation between maternal CMD and child growth. Finally, we hypothesised that the effect of maternal CMD on child malnutrition might differ according to a child's age or sex, thus interaction coefficients were added to explore this. Table 1 presents the prevalence of probable cases of maternal CMD, child stunting, and underweight, and the distributions of the other variables included in the conceptual framework, for the four study populations.
RESULTS

Maternal mental health
Case/non-case of CMD The prevalence of maternal CMD seen in these study populations is fairly typical for women in developing countries, 14 ranging from 21% in Vietnam to 33% in Ethiopia. Levels of malnutrition are high, stunting being most prevalent in Ethiopia (38%) and least prevalent in Vietnam (16%), and underweight status being highest in India (44%) and lowest in Peru (10%).
In three of the study populations-India, Peru, and Vietnam-mothers with CMD have significantly higher odds of having a stunted child than those without CMD (crude ORs of 1.2-1.6). However, there is evidence of confounding by other factors. Adjustment for household factors results in a reduction in the ORs. Further adjustments for maternal and child characteristics have little impact on the ORs. Adjusted for all confounders (model 4), the positive association persists in India, Peru, and Vietnam, but is only statistically significant in India where mothers suffering from CMD have odds of having a stunted child 1.4 (95%CI: 1.2 to 1.6) times higher than that of mothers without CMD. This pattern was not seen in the Ethiopian sample. Inclusion of the potential mediating variables in the model (model 5) does not change the ORs, suggesting that in these study populations they are not important pathways through which CMD has an effect on stunting.
In all four study populations, mothers with CMD have higher odds of having an underweight child than those without CMD (crude ORs of 1.0-1.5). Adjustment for household factors attenuates the association, with little further attenuation after adjustment for maternal and child characteristics. After adjustment for all potential confounders (model 4), there is little evidence of an association between CMD and underweight except in Vietnam (1.4; 95%CI 1.1 to 1.8).
Inclusion of the potential mediating variables in the model (model 5) only slightly attenuates the effect of CMD on underweight status-in Vietnam the OR changes to 1.3 (1.0 to 1.7)-suggesting possible mechanisms for how maternal CMD asserts an effect on child underweight status.
No statistically significant interactions were found between infant sex or age and maternal CMD for either nutritional outcome. However in Peru, Vietnam, and India, the OR for the effect of CMD on stunting was always closer to 1 among female children than males and among those children aged less than 12 months than older children. No such consistent patterns of effect modification by age or sex were found with respect to CMD and underweight status.
DISCUSSION
This study provides evidence of an association between poor maternal mental health and poor child nutritional status in study populations from India and Vietnam but not from Peru and Ethiopia. It thus confirms previous evidence from the Asian region. [5] [6] [7] Despite similar levels of CMD and substantial levels of child malnutrition, it is interesting to find no such association in the Peruvian and Ethiopian study populations. This heterogeneity in the results is particularly interesting and needs to be further analysed to fully understand the association between maternal mental health and child nutrition. As this is a new result there is no existing literature that explains this differential pattern. Qualitative research is now needed to investigate the reasons for this difference that may, for example, be related to the special and particularly pressurised cultural role of women in relation to childcare in Asia. Recent literature discusses the multiple roles of Asian women (productive and reproductive, household, and community), the expectations of family members (especially mothers in law), and suggests that mothering is a ''site for disempowerment'' in Asia. 18 Such disempowerment may be exacerbated by a ''failing'' child and might directly affect mental health. Does such disempowerment not happen outside Asia? This will be a fruitful area for future qualitative research.
Strengths and weaknesses of the study This is the first time that data from four countries from different regions of the world, using the same data collection methods, have been compared to test the consistency of the recently observed relation between maternal mental health and child growth. Previous studies had been limited to the Indian sub-continent but this study was able to examine two countries in Asia plus Peru and Ethiopia. The study was able to adjust for a particularly wide range of potential confounding factors that the other studies were unable to do. Generalised estimating equations adjust for the clustered nature of data and provide a more stringent test of the association. What this paper adds
What is already known on this subject Women in developing countries have high rates of common mental disorders (CMD). Recent evidence from South Asia suggests that poor maternal mental health is associated with poor child growth. This finding has potentially important policy implications for improving child nutrition in developing countries but we were unsure if the findings would be consistent in that region and also whether the same pattern would be found in other developing countries.
What this study adds
Even when controlling for a particularly wide range of factors we found that mothers with poor mental health in India and Vietnam have significantly increased odds of having malnourished children. However, the association was less clear in Peru and Ethiopia.
Policy implications
Mental health is gradually getting onto the public health agenda in developing countries. The evidence from this study confirms that promotion of maternal mental health may be important for the improvement of child nutrition. Although the causal direction of the relation between maternal mental health and child growth is not yet established, child nutrition programmes in Asia need to consider incorporating promotion of maternal mental health. This needs to include detection and treatment of CMDs at the primary care level and the addition of preventive actions (strengthening social support for women) within community development programmes. Future research should consider whether poor maternal mental health is also associated with other child health outcomes such as physical or mental morbidity.
The previously cited studies in Asia [8] [9] [10] have examined the association between postnatal depression and malnutrition in infants. This paper looks at mental health among mothers of a broader age range of children and therefore will include both cases of postnatal depression and other types of CMD. In exploring interactions between CMD and age we found that the association between this more wide ranging exposure and malnutrition is also evident among older children.
As with other studies on this topic, the cross sectional nature of this analysis precludes causal understanding. Additionally, the reference periods of the outcome and exposure measures may further complicate causal inference-the child nutrition indicators are long term and while the SRQ20 is likely to capture women who have had CMD for a longer period, its reference period is one month. Children's failure to thrive may cause mental distress to their mothers and has been associated with postnatal depression in Australia 19 and Turkey. 20 Equally, maternal mental ill health may impede care of children thus leading to poor growth. In a longitudinal study to examine this association, Rahman et al 11 found that children of prenatally depressed mothers showed significantly more growth retardation than controls at all time points. Young Lives is also a longitudinal study and the same mothers and their children will be followed up for 15 years thus enabling a better understanding of the causal nature of this relation.
Implications and future research
Mental health is gradually getting onto the public health agenda in developing countries. The evidence from this study confirms that promotion of maternal mental health may be important for the improvement of child nutrition. The direction of the relation may be that sickly children cause depression and anxiety in mothers or it may be that depressed and anxious mothers are unable to function effectively to maintain good nutrition of their children. This latter link might be related to impaired or decreased breast feeding and/or lack of social support to adequately care for a child. Regardless of the direction of the association, existing community based nutrition programmes, which are abundant in developing countries, can usefully add maternal mental health to their agenda. So, although the causal direction of the relation between maternal mental health and child growth is not yet established, child nutrition programmes in Asia need to consider incorporating promotion of maternal mental health. This needs to include detection and treatment of CMDs at the primary care level and the addition of preventive actions (strengthening social support for women) within community development programmes. Future research should consider whether poor maternal mental health is also associated with other child health outcomes such as physical or mental morbidity.
